Abstract -The s u r f a c e d i f f u s i o n of s i n g l e P t atoms and P t c l u s t e r s on t h e c h a n n e l e d (31 1 ) p l a n e of Pt has been i n v e s t i g a t e d by f i e l d ion microscopy. Single atoms were found t o migrate within a given channel of the (31 1 ) plane a t t e m p e r a t u r e s above 215 K with an a c t i v a t i o n energy of 0.60 k 0.03 eV and a d i f f u s i v i t y of 1.9 X 10-* cm2/sec. No c r o s s -c h a n n e l d i f f u s i o n was observed f o r s i n g l e atoms. Two atoms w i t h i n the same channel associated i n t o a dimer which was immobile and s t a b l e up t o t e m p e r a t u r e s of 340 K . Subsequent a d d i t i o n of atoms t o t h e same channel r e s u l t e d i n t h e formation of chains of atoms along t h e channel. The motion of two atoms d i f f u s i n g i n a d j a c e n t c h a n n e l s were n o t s t r o n g l y c o r r e l a t e d . However, o c c a s i o n a l occurrences of cross-channel processes between adjacent channels t o produce t h e s t a b l e dimer c o n f i g u r a t i o n were o b s e r v e d . O b s e r v a t i o n s of atoms d i f f u s i n g i n n e x t -a d j a c e n t c h a n n e l s s u g g e s t e d a weak a t t r a c t i o n a t s e p a r a t i o n s from 9 . 2 t o 12.4A.
Small c l u s t e r s of atoms l e f t on t h e plane a f t e r f i e l d evaporation were s t a b l e below 370 K , but a t 370 K and above, t h e atoms r e a r r a n g e d t o form a l o n g c h a i n w i t h i n one channel. These r e s u l t s suggest t h a t the mechanism f o r t h e formation of m i s s i n g rows i n t h e (1x2) r e c o n s t r u c t i o n of c h a n n e l e d s u r f a c e s of P t , I r , and Au involves s u r f a c e d i f f u s i o n of atoms which a r e s t a b i l i z e d by short-ranged atomic i n t e r a c t i o n s .
I -INTRODUCTION
Low Energy Electron D i f f r a c t i o n (LEED) s t u d i e s of the ( 1 1 0 ) -o r i e n t e d s u r f a c e s of P t , Ir, and Au i n d i c a t e a surface reconstruction which i s characterized by a (1x2) p a t t e r n /l-5/. Of the several models proposed f o r t h e r e c o n s t r u c t i o n , t h e "missing rowff model has-become t h e most p o p u l a r . According t o t h i s model, every other close-packed C1101 row i n t h e outermost layer is missing. The missing-row model i s s u p p o r t e d by q u a n t i t a t i v e LEED a n a l y s i s / 2 / , Rutherford Ion Backscatterlng measurements / 6 / , and d i r e c t images of t h e s u r f a c e by S c a n n i n g T u n n e l i n g Microscopy (STM) /7/ and Transmission Electron Microscopy (TEM) / B / . I n a recent paper Bonzel and F e r r e r / 9 / have q u e s t i o n e d t h e m i s s i n g row model b a s e d on problems associated with mass t r a n s f e r . For t h e p a r t i c u l a r case of P t ( l l 0 ) , they observe a t r a n s i t i o n between an unreconstructed (1x1) s u r f a c e and a r e c o n s t r u c t e d (1x2) s u r f a c e t a k i n g p l a c e w i t h i n 100 seconds a t a temperature of 310 K. Their C a l c~l a t i O n S of t h e mean d i f f u s i o n d i s t a n c e f o r P t by mass t r a n s f e r s u r f a c e d i f f u s i o n using a c t i v a t i o n energies based on f i e l d emission measurements, however, i n d i c a t e t h a t t h e d i f f u s i o n distance i s much t o o small t o explain t h e emptying of a l t e r n a t e rows of atoms. Instead, they propose a new model which does not s u f f e r from the mass t r a n s f e r problem. I n an even more r e c e n t paper, Campuzano , e t . a l . / 1 0 / a r g u e t h a t t h e (1x1) -(1x2) t r a n s i t i o n i s an order-disorder t r a n s i t i o n and t h e r e f o r e does not r e q u i r e l a r g e mass t r a n s f e r . Clearly, t h e r o l e of surface atom migration i n t h e (1x2) reconstruction needs t o be defined.
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In t h i s paper we r e p o r t observations of surf ace d i f f u s i o n and atomic i n t e r a c t i o n s on t h e P t ( 3 1 1 ) p l a n e which s u g g e s t t h a t a (1x2) s u r f a c e reconstruction could be driven by surface d i f f u s i o n of atoms and s t a b i l i z e d by s h o r t -r a n g e d i n t e r a c t i o n s between t h e atoms. T h i s mechanism i s i n a c c o r d a n c e w i t h t h e o r d e r -d i s o r d e r explanation given f o r t h e t r a n s i t i o n s on t h e (1 1 0 ) p l a n e / 1 0 / . Our e x p e r i m e n t s were c a r r i e d o u t on the (311) plane of P t , which i s s i m i l a r t o the (110) i n t h a t i t c o n s i s t s of close-packed rows of atoms s e p a r a t e d by c h a n n e l s .
The d i s t a n c e between rows i s 4.628, on t n e (311) p l a n e and 3.92 A on t h e (110) plane. Our m o t i v a t i o n f o r examining s u r f a c e d i f f u s i o n on t h e (311) p l a n e stemmed f r o m o b s e r v a t i o n s of m i s s i n g rows of atoms i n t h e ( 3 1 1 ) p l a n e f o l l o w i n g t h e r m a l treatment of platinum t i p s . The occurrence of the missing rows i n t h e (31 1 ) plane was v e r y f r e q u e n t i f t h e a n n e a l i n g temperature was above 400 K. Unfortunately, s u r f a c e atom mobility was s o g r e a t a t t h i s temperature ( t h e s u r f a c e would b e g i n its change from a f ield-evaporated endf orm t o a thermal endform) t h a t t h e d e t a i l e d atomic s t e p s l e a d i n g The P t c o i l s along with t h e i r support loops were extensively outgassed a s a p a r t of the vacuum processing.
The P t t i p was p r e p a r e d from 0.005 i n c h p o l y c r y s t a l l i n e w i r e u s i n g t h e polishing procedure described i n t h e l i t e r a t u r e /12/. I t was cleaned using a combination of neon cathode s p u t t e r i n g , thermal annealing a t 600 K and f i e l d evaporation.
The d a t a c o l l e c t i o n and a n a l y s i s were semi-automated.
F i e l d i o n images were r e c o r d e d from t h e i n t e r n a l phosphor screen using a RCA model TC1005 video camera and a JVC model 6060U video recorder. A home-buil t microprocessor c o n t r o l l e d t h e a l t e r n a t e a p p l i c a t i o n of the imaging v o l t a g e , h e a t i n g of the t i p , and s t a r t i n g and stopping of the video recorder. The a n a l y s i s of the recorded images c o n s i s t e d o f marking t h e adatom position with a cursor generated by a Colorado Video Model 622 X-Y D i g i t i z e r . The d i g i t i z e r t r a n s m i t t e d t h e c o o r d i n a t e s t o an Dec LSI 11 /03 minicomputer f o r a n a l y s i s . givenchannel measured f o r approximately 300 d i f f u s i o n i n t e r v a l s indicated t h a t t h e b i n d i n g a l o n g t h e channel was nonuniform, t h e adatoms were held more s t r o n g l y a t s i t e s near the edge of the plane than a t t h e c e n t e r . T h i s phenomenon h a s been s t u d i e d i n q u a n t i t a t i v e d e t a i l by Fink and E h r l i c h / 1 4 / f o r W and Re adatoms migrating on t h e channeled W(211) plane.
When two P t adatoms were deposited within t h e same channel of the Pt (311) I n our measurements of P t d i f f u s i o n on P t ( 3 1 1 ) , t h i s type of c o r r e l a t e d motion was not observed. Although our d a t a a r e s t i l l somewhat l i m i t e d , i f t h e r e is any a t t r a c t i v e i n t e r a c t i o n a t a l l , i t occurs a t distances g r e a t e r than t h e " s t r a i g h t " o r qlstaggeredf* configurations. On several o c c a s i o n s , however, we n o t e d a d i f f e r e n t t y p e of i n t e r a c t i o n . Atoms d i f f u s i n g i n adjacent channels were observed t o combine and form a close-packed dimer within t h e same c h a n n e l .
T h i s behavior is c u r r e n t l y being investigated i n more d e t a i l .
Our observation t h a t missing rows of atoms i n t h e (311) p l a n e a r e produced by thermal annealing of Pt suggested t h a t an a t t r a c t i v e i n t e r a c t i o n may e x i s t between atoms s e p a r a t e d by a c h a n n e l .
To check t h i s p o s s i b i l i t y , we e x a m i n e d t h e d i f f u s i o n of adatoms i n c h a n n e l s one channel a p a r t and looked f o r c o r r e l a t i o n . The measurements were performed a t a temperature of 239 K. Fig. 3 shows a p l o t of t h e frequency of occupation a t a given s e p a r a t i o n vs. t h e separation d i s t a n c e f o r 320 d i f f u s i o n i n t e r v a l s . Also shown i n Fig. 3 is t h e e x p e c t e d d i s t r i b u t i o n f o r n o n -i n t e r a c t i n g atoms. Although t h e number of observations a r e l i m i t e d , t h e data suggest a weak a t t r a c t i o n a t separations of 9.2 t o 12.48. I n a l l of t h e above measurements, t h e d i f f u s i n g atoms were deposited from an e x t e r n a l sublimation source. I t was a l s o p o s s i b l e t o f i e l d e v a p o r a t e t h e (31 1 ) p l a n e t o a v e r y s m a l l s i z e c o n s i s t i n g of 4-8 atoms and examine t h e d i f f u s i o n p r o p e r t i e s of these atoms. The r e s u l t s were q u i t e s t r i k i n g . No motion of surface atoms generated i n t h i s fashion was detected a t temperatures below 370 K. Again, i t is worth noting t h a t s i g n i f i c a n t d i f f u s i o n o c c u r s a t t h i s t e m p e r a t u r e on t h e s u r f a c e a s a whole. A t temperatures of 370 K and above, t h e small c l u s t e r s were observed t o rearrange and form a long chain i n a s i n g l e channel. Fig. 4 shows an example of t h i s process. Between Single Pt atoms f r e e l y migrate along channels i n t h e (311) p l a n e a t t e m p e r a t u r e s w e l l below room t e m p e r a t u r e . I f another atom is encountered, a dimer is formed and t h e migration proceeds only i f t h e temperature is 340 K o r above.
T h i s h i g h s t a b i l i t y r e s u l t s i n t h e formation of chains i f a number atoms a r e deposited i n a given (31 1 ) channel. Even atoms i n adjacent channels w i l l d i f f u s e c r o s s -c h a n n e l 
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